
NCPV and Solar Program Review                                                 March 24-26, 2003  Denver, Colorado 

APex SOLAR CELL MANUFACTURING 
 

James A. Rand and Jerome S. Culik  
AstroPower, Inc., Newark, DE 19716 

 
 

ABSTRACT 
APex solar cells are a low-cost solution for solar 

electric power generation. Recent progress has been 
made in the areas of process definition and equipment 
development, as well as furthering the understanding of 
the material quality APex production system generates 
sheets of polycrystalline silicon in a continuous in-line 
process.  The APex sheet growth system has evolved 
through five design generations, and a single system is 
now capable of producing more than 15MW of 200-mm 
wide polycrystalline silicon sheet per year.  This 
material is being used to produce large-area APx-8 
solar cells, which are 208 mm x 208 mm on an edge and 
produce more than 4 W each.  
 
1.  Introduction 

APex is a relatively new material for the industry, 
considering the growth method, the relatively high level 
of impurities, and small grain size.  An effort is 
underway to characterize this relatively new material 
using an industry – academic – government team.   
Results indicate that the impact of impurities on solar 
cell performance needs to be defined for new material. 
 
2.  Manufacturing Systems 

Recent advances in the development of solar cell 
manufacturing systems for large-area APex 
polycrystalline silicon sheet material have focused on  
the following processes [1]:  

A.  cassette-less wet chemical surface etching,  
B. production-level silicon nitride anti-reflection 

coatings,  
C. co-fired metal contacts,  
D. a highly-automated solar cell tester-sorter 

system with magazine-based wafer handling,  
E. edge grinding process for better edge definition 

and improved yield and  
F.  in-line wafer tester for quality control.   
  

A single APex polycrystalline silicon sheet 
generation system now is capable of producing 200-mm 
wide sheet at more than 3 meters per minute.  This sheet 
generation rate is used as the basis for designing a 
single-thread solar cell manufacturing production line 
with an annual capacity of more than 15MW of large-
area APx-8™ solar cells.  

Previously we have described our development of 
continuous rapid thermal diffusions using IR belt 
furnaces and cassette-less diffusion oxide etching using 
in-line wet chemical process systems [2].  These 
processes are in place in production running at over 
1,000 wafers/hr without the use of cassettes.  All of the 

production systems reviewed here have throughput 
targets that are matched to the capacity of an APex 
sheet growth generation system.  
 

A.  Caustic Surface Etching 
Development of the continuous caustic etching tool 

has now progressed through two prototype systems that 
were used to demonstrate the in-line concept, 
demonstrate the feasibility of stack to stack processing, 
and to investigate specific materials and components of 
the system.  The first production-scale in-line surface 
etch system is shown in Figure 1.  Four APx-8™ 
wafers are placed across the width of the conveyor.  
The caustic etching tank in this system is 
approximately 550-cm long, and it is followed by two 
immersion acid-rinse sections that are similar to the 
modules that are used in the diffusion oxide etching 
system.  The wafers are also thoroughly rinsed and 
dried before exiting from the caustic etching system. 

 

 
Figure 1.  The caustic surface etching system for large-
area APex polycrystalline silicon wafers. 
 

Compared to a batch-based process in open hoods, 
this closed system can maintain significantly higher 
etch solution temperatures and better uniformity, and 
this has resulted in higher etching rates.  Better control 
has allowed the level of silicon removed to be reduced  
40%.  Containment of the etching solution within the 
system has virtually eliminated operator exposure to the 
etchants used.  This system was qualified and put into 
production use in Fall 2002.  The process has 
demonstrated a production capacity for surface etching 
silicon wafers of more than 1,000 APx-8™ wafers per 
hour.  
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B.  PECVD Silicon Nitride Coating  
During the third quarter of 2001 AstroPower 

installed the first commercially available remote-plasma 
CVD silicon nitride system designed to coat large-area 
solar cells at production volumes.  The PECVD coating 
systems are quasi-continuous in-line systems with three 
separate vacuum chambers.  A matrix of wafers are 
placed in large carriers that travel horizontally through 
the system.  The plasma is energized by linear 2.45 GHz 
microwave sources, which provide excellent plasma 
conditions (that is, high charge carrier concentrations 
and low ion- and electron-energies).  

Presently, AstroPower has three units in operation 
with a combined capacity of over 1,500 APx-8™ solar 
cells per hour. 

 

 
Figure 2.  In-line, large-area microwave-plasma CVD 
system for silicon nitride deposition. Each wafer carrier 
accommodates 16 APx-8™ solar cells, and the system 
has a throughput of more 600 solar cells per hour.   
 

C.  Co-Fired Contact Metallization 
To realize the full value of the grain boundary and 

defect passivating qualities of the PECVD silicon nitride 
coating, a fire-through contact metallization process has 
been implemented.  It has been previously documented 
in the literature that the temperatures used for firing 
typical thick film silver conductors through silicon 
nitride also serve to release entrapped atomic hydrogen 
from the AR coating layer [3].  It is this hydrogen that is 
thought to give the surface and bulk passivation 
characteristic of this technology.  The production 
process sequence for contact firing was significantly 
revised to take advantage of the passivation potential of 
the silicon nitride coating. 

A new wide belt (96 cm) IR furnace was installed 
for the co-fire contact firing process.  Cells are fired in a 
four-wide configuration with the front metallization 
facing upwards.  This eliminates the final drying step, 
and cells can be placed directly onto the belt after 
printing. The nominal belt speed of the furnace is 1.3 
meters per minute, but it is capable of belt speeds 
significantly greater than this.  The present capacity of 
the IR belt furnace is 1,300 APx-8™ solar cells per 
hour. 

 
Figure 3.  APx-8™ solar cells are unloaded from the 
front contact screen printer to the furnace conveyor belt 
in a staggered pattern to smooth furnace loading. 
 

D.  Solar Cell Testing and Sorting 
A high-speed tester-sorter system for final I-V test 

of Apx-8™ solar cells, shown in Fig. 4, was developed 
using several novel concepts to address measurement 
accuracy and consistency, operational and maintenance 
costs, and improved material handling.  

The unique feature of this solar cell tester system is 
the use of magazines for transferring large-area solar 
cells into and out of the system.  The magazines are 
designed to flexibly accommodate full-sized Apx-8™ 
solar cells, but they can be easily re-configured for 
half-cell and other cut solar cell sizes.  The sorted cells 
in the magazines are then transferred either to 
packaging or directly to the unloader of the tabber-
stringer system. This is the first process step on the 
module assembly line.   

 

 
Figure 4.  Left side: magazine loaded with APx-8™ 
solar cells; right side: solar cells are sorted into ten 
magazines using a linear robot. 
 

E.  In-line Wafer Testing 
In addition to this I-V tester, an in-line wafer tester 

is under development.  This tester will carry out a 
series of tests of electrical characteristics and physical 
dimensions on each wafer prior to entering the 
production line.  This test will provide quality control, 
increase overall production line yield, and provide 
feedback to the wafer growth process.  Similar to the I-
V tester, the process will use magazines for wafer 
transfer. 
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F.  Wafer Edge Definition 
Mechanical yield through the line is highly 

dependent on the state of the wafer edge.  This is well 
known in the IC industry, and has been shown by other 
solar cell manufacturers.  When an edge resistant to 
chipping and cracking is formed on each wafer yield 
increases significantly.  To realize this benefit custom 
built equipment for edge grinding has been designed.  
This tool is expected to go in to full production in the 
next 2 months.     
 
3.  Materials Characterization 

The present conversion efficiency for APex solar 
cells is approximately 80% of those achieved with the 
industry standard CZ or large grain cast materials.  The 
smaller grain size and the lower purity are the plausible 
explanations for performance differences.  With 
advances in the understanding of critical high 
temperature processes, such as gettering, views on 
impurity requirements have changed.  Similarly, 
conventional grain size limits are shown to be 
conservative, allowing higher performance than thought 
possible from smaller grains. 

The logical first step is to investigate the impurity 
content of the wafer and correlate it to performance.  
This would ideally identify the impurities that have the 
strongest impact on performance for selective removal.  
Many methods of chemical analysis were evaluated, and 
glow discharge mass spectroscopy (GDMS) was chosen 
as it had the needed detection limits and also the ability 
to measure impurities in selected regions in the wafer.  
Methods that determine an “average” measurement over 
the wafer from front to back give misleading results for 
APex material.  Results of the GDMS study were that 
there is more than enough Fe, W, Al, Mo and Ti to 
account for all the lifetime degradation in APex 
individually, let alone in total [4].  The level of the 
impurity did not track lifetime in careful comparisons of 
material with high and low lifetimes.  A similar result 
was found by a group working with solar materials using 
NAA [5]. The question then becomes which impurities 
are detrimental and which are benign.  

In an attempt to quantify the role of the impurities, 
SIMS (Secondary Ion Mass Spectroscopy) depth 
profiles were taken at the National Renewable Energy 
Laboratories.  That study concluded that carbon 
precipitates were a major source of recombination 
activity.  Carbon precipitates were also found in TEM 
studies carried out at both at NREL and at NCSU [6].  
Evidence was found of transition metal gettering to these 
sites.    
 Work done at North Carolina State University 
(NCSU) has focused on direct observation of defects 
through polishing and defect etching [7].  A relationship 
between oxygen levels and stacking faults was 
determined.  

 
4.  Conclusion 

Progress has continued on the realization of a 
continuous, single-thread, manufacturing line for large 
area APex wafers.  Recent efforts have focused on 
chemical etching, contact firing, and testing.  A 
magazine-based tester-sorter system is being used to 
explore large-area APx-8™ solar cell handling 
concepts, and has demonstrated significantly improved 
material flow from cell production line to module 
production line and will be expanded throughout the 
production system for APx-8™ solar cells.   

The application of new processing steps and better 
understanding of defect and impurity interactions is 
allowing small grain polycrystalline silicon sheet 
material to produce solar cell efficiencies approaching 
that of cast material and CZ.  To realize the full benefit 
of working with this highly defected, impure material, a 
thorough understanding of which impurities and 
defects are benign and which are limiting performance 
is needed.  Several characterization techniques are 
being evaluated and their effectiveness in addressing 
these issues reviewed.  

  
5.  Acknowledgements 

This work has been funded through a cost-shared 
program sponsored by the US Department of Energy, 
through the Photovoltaic Manufacturing Technology 
program (PVMaT) administered by the NREL. 
 
6.  References 

[1] J.S. Culik, F. Faller, I.S. Goncharovsky, J.A. 
Rand, and A.M. Barnett, “Recent Progress on 15-MW 
Silicon-Film Solar Cell Manufacturing Systems”, 29th 
IEEE PVSEC, New Orleans, May 2002. 

 [2] J. S. Culik et a., “Progress in 15-MW Single-
Thread Silicon Film Solar Cell Manufacturing 
Systems”, 17th EC PVSEC, Munich, October 2001 

 [3] F. Duerinckx, J. Szlufcik, A. Ziebakowski, J. 
Nijs, and R. Mertens, “Simple and Efficient Screen 
Printing Process for Multicrystalline Silicon Solar Cells 
Based on Firing Through Silicon Nitride”, 14th EC 
PVSEC, Barcelona, 1997. 

[4] J. A. Rand et al, “Characterization of Silicon-
Film™ Sheet Material”, 12th Crystalline Silicon 
Workshop, Aug. 2002, p. 3 

[5] A. A. Istratov et al, “Impact of Metal Impurities 
on Solar Cell Performance”, to be presented at NCPV 
Peer Review, Mar. 2003 

[6] R. Zhang et al, “Nanoscale Investigations of 
Polycrystalline Silicon for Photovoltaic Applications”, 
12th Crystalline Silicon Workshop, Aug. 2002, p 206 

[7] J. Lu et al, “Investigation of Oxygen Precipitates 
and Associated Stacking Faults in Polycrystalline Sheet 
Silicon and Their Impact on Solar Cell Performance”, 
12th Crystalline Silicon Workshop, Aug. 2002, p. 275 

 

NCPV and Solar Program Review Meeting 2003 NREL/CD-520-33586  Page 599

3


	Home
	Proceedings
	Table of Contents
	Introduction
	Message from the Chairpersons

	Plenary Session I
	Opening Remarks
	NREL Welcome
	An Energy Security, Systems Context for Solar Energy Technologies
	Welcome to the NCPV and Solar Program Review
	Solar Energy Technologies—Contributing to a Robust Energy Infrastructure

	Plenary Session II
	R&D Opportunities in Solid State Lighting
	Photovoltaic Technology Experience Curves and Markets
	The DOE Solar Program: Photovoltaics
	Solar Thermal Overview
	Concentrating Solar Power Award Presentation
	Paul Rappaport Award Presentation

	Luncheon Topic: An Introduction to Solid-State Lighting
	What the PV Specialists Might Like to Know about Solid-State Lighting
	Solid State Lighting for Human Development

	Module Reliability
	Long Term Photovoltaic Module Reliability
	Stabilization of High Efficiency CdTe Photovoltaic Modules in Controlled Indoor Light Soaking
	Surface Analysis of Stressed and Control Tin Oxide Thin Films on Soda Lime Glass
	Materials Testing for PV Module Encapsulation
	Development of a Super Fast-Cure and Flame-Retardant EVA-Based Encapsulant
	Long-Term Performance of the SERF PV Systems

	III-V Materials and Concentrators
	Defects in GaInNAs: What We've Learned So Far
	The Promise of III-V Nitrides: Useful Properties out of Anomalous Physics
	Recrystallized Germanium on Ceramic for III-V Solar Cells Applications
	Advances in High-Efficiency Multijunction Terrestrial Concentrator Cells and Receivers
	Progress Report on the Integration of the Emcore Triple-Junction Solar Cell into a High Concentration Ratio Fresnel Lens-Based Receiver
	Concentrating Photovoltaic Module Testing at NREL's Concentrating Solar Radiation Users Facility

	Crystalline Silicon
	Rapid Thermal Processing Enhanced Hydrogenation and Screen-Printed Contacts in Silicon Ribbon Solar Cells
	Investigation of Electrical Activity of Dislocation and Grain Boundary in Polycrystalline Float Zone Silicon
	Impact of Metal Impurities on Solar Cell Performance
	Scanning Photoluminescence in Si3N4 Antireflected Coating of mc-Si

	Discussion with Ray Sutula, Manager, U.S. DOE Solar Energy Technologies Program
	Discussion on the Systems-Driven Approach to Research Planning
	Question and Answer Session on the Systems-Driven Approach

	Long-Term R&D Needs
	Solar Electric Future: Linking Science, Engineering, Invention, and Manufacturing
	R&D on Shell Solar’s CZ Silicon Product Manufacturing
	Polymer Photovoltaics — Challenges and Opportunities
	The AC PV Building Block — Ultimate Plug-n-Play that Brings Photovoltaics Directly to the Customer

	Synergies between Solid-State Lighting and PV
	Synergies Connecting the Photovoltaics and Solid-State Lighting Industries
	Research and Manufacturing Synergies between LEDs and PV
	OLEDs for General Illumination? Research & Development Issues
	Solar-Powered LED Lighting Technology

	Cadmium Telluride
	Manufacturing and Technology Development Programs at First Solar
	Mostly Nonuniformity Issues in Thin-Film PV
	Role of Process Chemistry and Stability on CdTe-Based Solar Cell Performance
	Spatially Resolved Cathodoluminescence of CdTe Thin Films and Solar Cells
	ZnTe:Cu Contact Optimization Strategies for Single-Junction and Multijunction CdS/CdTe PV Device Designs
	CdTe PV: Real and Perceived EHS Risks

	Systems Analysis and Reliability
	Advanced Dish Development System Test and Reliability Improvement
	A System-Driven Approach to Parabolic Trough R&D
	CSP Tower System Analysis and Program Planning
	Lifecycle Cost Assessment of Fielded Photovoltaic Systems
	Certification Programs for the Photovoltaic Industry Status and Plans
	Solar Building Systems Analysis

	Excitonics and Exotica: Advanced PV Concepts
	Advanced Concepts for Photovoltaic Cells
	Organic-Based ("Excitonic") Solar Cells
	Organic Photovoltaics Based on Self-Assembled Mesophases
	Influence of Device Architecture and Interface Morphology on the Power Conversion Efficiency of Small Molecular Photovoltaic Cells
	Polymer Based Nanostructured Donor-Acceptor Heterojunction Photovoltaic Devices
	Solar Energy Conversion with Ordered, Molecular, Light Harvesting Arrays

	Luncheon Topic: the Solar Decathlon
	Solar Decathlon, Energy We Can Live With

	Copper Indium Diselenide and Alloys
	High Yield CIS Production — Progress and Perspectives
	Mesoscopic Fluctuations in the Distribution of Electronic Defects Near the Surface Layer of Cu(In,Ga)Se2
	Microstructure of Surface Layers in Cu(In,Ga)Se2 Thin Films
	Advances in CuInSe2-Based Solar Cells: From Fundamentals to Processing
	New Methods for the Study of Defect Distributions in the Copper Indium Diselenide Alloys

	Concentrating Solar Power Technology
	SOLTRACE—a New Optical Modeling Tool for Solar Optics
	Improved Alignment Technique for Dish Concentrators
	Performance and Durability of Solar Reflectors and Solar Selective Coatings
	Trough Technology: The Path to Market Competitiveness at the NSTTF
	Parabolic Trough Testing and Component Evaluation
	Testing Thermocline Filler Materials for Parabolic Trough Thermal Energy Storage Systems

	PV Systems Engineering and Reliability
	Photovoltaics as a Distributed Energy Resource
	PV Inverter Testing, Modeling, and New Initiatives
	Sustainable Hybrid System Deployment with the Navajo Tribal Utility Authority
	Photovoltaic System Performance Characterization Methodologies
	Performance Index Software for the CEC/SMUD ReGen Program
	PV Inverter Products Manufacturing and Design Improvements for Cost Reduction and Performance Enhancements

	Amorphous and Thin-Film Silicon
	Status of Amorphous and Crystalline Thin-Film Silicon Solar Cell Activities
	Status of Hydrogenated Microcrystalline Silicon Solar Cells at United Solar
	Thin Silicon-on-Ceramic Solar Cells
	Amorphous and Microcrystalline Silicon Solar Cells--A Status Review
	Discussion: Amorphous and Thin-Film Silicon

	Solar Thermal, Solar Lighting, and Building-Integrated PV
	Testing and Evaluating a Solar Water Heating Product for the New Home Market
	Polymer Solar Thermal Systems
	Polymer Materials Durability
	ORNL's Hybrid Solar Lighting Program: Bringing Sunlight Inside
	Integrated Energy Roofs
	Plug and Play Components for Building Integrated PV Systems

	Manufacturing Research and Development
	PowerGuard Lean Manufacturing—Phase I Accomplishments
	PVMaT Improvements in BP Solar Large-Scale PV Module Manufacturing Using Ultra-Thin Multicrystalline Silicon Solar Cells
	Specific PVMaT R&D in CdTe Product Manufacturing
	APex™ Solar Cell Manufacturing
	EFG Ribbon Technology R&D for Large Scale Photovoltaic Manufacturing
	Process Control Advancements for Flexible CIGS PV Module Manufacturing

	Plenary Session III: Market Pull/Technology Push -- Where to Invest?
	Introduction
	Arizona Environmental Portfolio Standard
	Photovoltaics Market Pull
	Concentrating Solar Power Systems
	PVEnergy Systems, Inc., PV Forecast
	California Solar Energy Industries Association Presentation
	Strategies for Mainstreaming Grid-Connected PV This Decade
	Market Pull/Technology Push--Where to Invest?

	Poster Session: Advanced PV Concepts
	Polymer Hybrid Photovoltaics for Inexpensive Electricity Generation
	Does Network Geometry Influence the Electron Transport Dynamics in Mesoporous Nanoparticle Solar Cells?
	The Effects of Processing Conditions on Polymer Photovoltaic Device Performance
	Growth and Properties of Microcrystalline Ge-C Films and Devices
	Anchoring Group and Linker Effects on TiO2 Binding and Photoelectrochemical Properties of Solar Cell Dyes
	Broad Band Rugate Filters for High Performance Solar Electric Concentrators
	Optical Rectenna for the Direct Conversion of Sunlight to Electricity

	Poster Session: III-V Materials and Concentrators
	Advances in III-V Compounds and Solar Cells Grown on SiGe Substrates
	Selective Nucleation and Growth of GaAs on Si
	Stress Evolution in GaAsN Films Grown by Reactive Molecular Beam Epitaxy
	III-Nitride Semiconductors for Photovoltaic Applications
	Defect Trapping in InGaAsN Measured by Deep-Level Transient Spectroscopy
	GaNPAs Solar Cells that Can Be Lattice-Matched to Silicon
	Wafer Bonding and Layer Transfer Processes for High Efficiency Solar Cells
	Criteria for the Design of GaInP/GaAs/Ge Triple-Junction Cells to Optimize Their Performance Outdoors
	Projection of Best Achievable Efficiency from GaInP/GaAs/Ge Cell under Concentration
	Optical Design Studies for the Flat-Plate Micro-Concentrator Module
	Innovative Approach for the Design and Optimization for Multijunction Photovoltaic Devices
	Determination of Spatial Uniformity by Ion Imaging with Secondary Ion Mass Spectrometry (SIMS)

	Poster Session: Crystalline and Polycrystalline Silicon
	Hydrogenation of Bulk Si from SiNx:H Films: What Really Ends Up in the Si?
	Hot-Wire Chemical Vapor Deposition for Epitaxial Silicon Growth on Large-Grained Polycrystalline Silicon Templates
	Hot-Wire Chemical Vapor Deposition of High Hydrogen Content Silicon Nitride for Silicon Solar Cell Passivation and Anti-Reflection Coating Applications
	Material Improvements and Device Processing on APIVT-Grown Poly-Si Thin Layers
	Silicon Materials Research on Growth Processes, Impurities, and Defects
	Residual Stress Characterization for Solar Cells by Infrared Polariscopy
	Metallic Precipitate Contribution to Generation and Recombination Currents in p-n Junction Devices via the Schottky Effect

	Poster Session: Amorphous and Thin-Film Silicon
	The FTIR Laboratory in Support of the PV Program
	Real Time Optics of the Growth of Silicon Thin Films in Photovoltaics: Analysis of the Amorphous-to-Microcrystalline Phase Transition
	Micro-Raman Measurements of Mixed-Phase Hydrogenated Silicon Solar Cells
	In Situ Studies of the Growth of Amorphous and Microcrystalline Silicon Using Real-Time Spectroscopic Ellipsometry
	Microstructure Studies of Amorphous and Microcrystalline Silicon-Based Solar Cell Materials
	Correlation of Structural and Electronic Properties with Solar Cell Efficiency for Amorphous Silicon Deposited at Increasing Growth Rates
	Optimization of Phase-Engineered a-Si:H-Based Multijunction Solar Cells
	Hydrogenated Microcrystalline Silicon Solar Cells Using Microwave Glow Discharge
	Transport, Interfaces, and Modeling in Amorphous Silicon Based Solar Cells
	A Paired Hydrogen Site and the Staebler-Wronski Effect in Hydrogenated Amorphous Silicon
	Nano-Crystalline Silicon: A New Solar Material
	Particles and Radicals in Amorphous Silicon Deposition
	Optimization of Filament and Substrate Temperatures for High-Quality Narrow Gap a-Si1-xGex:H Alloys Grown by Hot-Wire CVD
	Growth of High Quality a-Ge:H Solar Cells
	Growth and Characterization of HWCVD Si Films on Al Coated Glass
	Thin Film Silicon Materials and Solar Cells Grown by Pulsed PECVD Technique
	PECVD µc-Si:H Solar Cells Prepared in a Batch-Type Single Chamber Reactor
	Development of Optically Enhanced Back Reflectors for Amorphous Silicon-Based Photovoltaic Technologies
	Project Summary of the NREL Amorphous Silicon Team
	High-Efficiency Single-Junction a-SiGe Solar Cells

	Poster Session: Polycrystalline Thin Films (CIS)
	Practical Doping Principles
	A Superior Monocrystalline CuInSe2 Cell
	Transmission Electron Microscopy Analysis of Cu(In,Ga)Se2 Solar Cell Materials
	Cu(In,Ga)Se2 Materials, Devices, and Analysis for High Performance Devices
	Facilities Development for Ionized Physical Vapor Deposition of Cu(In,Ga)Se2
	Alternate Window Layer Processing for CIGS on Flexible Substrates
	Development of Plasma-Assisted Processing for Selenization and Sulfurization of Absorber Layers
	Development of Large Area CIGSS Thin Film Solar Cells
	Non-Vacuum Processing of CIGS Solar Cells
	Investigation of Pulsed Non-Melt Laser Annealing (NLA) of CIGS-Based Solar Cells
	DLTS Characterization of CIGS Cells
	Direct Measurement of Built-in Electrical Potential in Photovoltaic Devices by Scanning Kelvin Probe Microscopy
	Modeling and Simulation of a CGS/CIGS Tandem Solar Cell
	Back Contact Cracking During Fabrication of CIGS Solar Cells on Polyimide Substrates
	Advanced CIGS Photovoltaic Technology
	An Overview of the CdTe – CIGS Thin Film Solar Cell Program at the University of South Florida

	Poster Session: Polycrystalline Thin Films (CdTe)
	Atomic Structure of Twin Boundaries in CdTe
	Development and Application of Electroluminescence Imaging for CdS/CdTe Characterization
	Progress on High Bandgap CdSe and CdZnTe Devices
	CdTe Back Contact: Response to Copper Addition and Out-Diffusion
	Progress in Continuous, In-Line Processing of Stable CdS/CdTe Devices
	Temperature Dependence of Growth Rate and Morphology of Vapor Transport Deposited CdTe Thin Films

	Poster Session: Polycrystalline Thin Films (TCOs and Others)
	Barrier Coatings for Thin Film Solar Cells
	Advantageous Features of Transparent Conducting Oxide Films by Ultrasonic Pyrosol Deposition
	Highly Conductive Textured Molybdenum Doped Indium Oxide Thin Films
	Ink Jet Printing Approaches to Solar Cell Contacts
	Towards High Performance p-Type Transparent Conducting Oxides

	Poster Session: International Programs
	Technical Support for the Chihuahua Telesecundaria Rural Schools PV Electrification Program
	International Renewable Energy Programs at Sandia National Laboratories

	Poster Session: Standards, Systems Analysis, and Reliability
	NREL Spectral Standards Development and Broadband Radiometric Calibrations
	Photovoltaic Systems Performance and Reliability Database
	Status of IEEE P1526 — Recommended Practice for Testing the Performance of Stand-Alone Photovoltaic Systems

	Poster Session: Module Reliability
	Photovoltaic Module Thermal/Wind Performance: Long-Term Monitoring and Model Development for Energy Rating
	PV Compliance Assistant: An Interactive CD ROM
	Adhesion Strength Study of EVA Encapsulants on Glass Substrates
	Electrochemical Corrosion in Thin Film PV Modules
	Accelerated Stress Testing of Thin-Film Modules with SnO2:F Transparent Conductors
	Nondestructive Performance Characterization Techniques for Module Reliability
	Investigation of Degradation Aspects of Field Deployed Photovoltaic Modules
	Testing and Evaluating a Solar Water Heating Product for The New Home Market
	Corrosion in Copper ICS Collectors at Civano Subdivision, Tucson, Arizona

	Poster Session: Manufacturing R&D
	PV Manufacturing R&D Accomplishments and Status
	Three-Stage CIGS Process Tolerance
	Innovative Approaches to Low Cost Module Manufacturing of String Ribbon Si PV Modules
	Recent Manufacturing Technology Developments at EPV
	Development of Online Diagnostic Systems for Roll-to-Roll a-Si Production: ECD's PV Manufacturing R&D Program
	Development of Automated Production Line Processes for Solar Brightfield Modules
	Measuring and Monitoring Electronic Properties of Si During Industrial Material Preparation and Cell Fabrication


	Attendee List
	How to Use This CD
	How to Search This CD
	Notice



